
1963 MONTHLY  WEATHER  REVIEW 191 

SOME FEATURES OF THE  CIRCULATION  AT  THE 10-MB. SURFACE 
JULY 1958 THROUGH  JUNE 1959 

FREDERICK G. FINGER, RALPH B. MASON, and HAROLD A. CORZINE 
US. Weather Bureau, Washington, D.C. 

[Manuscript received December 12 1962; revised January 24, 19631 

ABSTRACT 

A recently  published  set of IO-mb. charts,  analyzed sis times  monthly, is used as a basis for the discussion of 
circnlation  and  temperature  patterns  during  the year from  July 1955 through  June 1959. Comparison with  events 
that  transpired at that  level throughout  the previous year is made,  and  the  most  pronounced diffcrenccs are 
investigated. 

The  transition of the  estremely  stable  summertime e'asterlies to  the more intense  wintertime  circulation of 
predominsntly  nesterlies is found t o  be  orderly  and closely related  to  radiation cooling in northern  latitudes.  In 
contrsst,  the  timing of the highly  complex springtime  reversal  can  vary considerably from  year to  pear,  appearing 
to be influenced by  the  timing of wintertime  developments  such as "explosive warmings" and  accompanying circu- 
lation  changes. 

During  the  winter of 1959, data  coverage over  the  Caribbean  area was sufficient to  allow delineation of low- 
latitude  disturbances. A IO-mb. shear  line  system,  moving  northward  through  the  area  during  January, is briefly 
discussed. 

1. INTRODUCTION 
mithin the  past  few  years increasing  emphasis has been 

p1Nced on mid-stratospheric  research  in an effort to 
(letermine the  character of the circulation of this  layer. 
Only  since the beginning of the IGY in July 1957 have 
sufficient observations  become  available to depict  synopti- 
cally  t.hese high-level circulations  over a portion of the 
Northern Hemisphere.  Previously,  most  studies  involv- 
ing the mid-stratosphere were limited  to discussions of 
short-term circulation and  temperature changes beca.use 
of the  lack of tt series of reference chart,s,  such  as  those 
avxihble for tropos;heric levels. 

One of the  functions of the  Stratospheric Meteorology 
Research Project of the U.S. Weather  Bureau  has been 
the production of a %year series of 10-mb. (approximately 
31 km.) constant  pressure  charts.  Among  the  early 
publications of the  Project was a booklet  containing 
three-times-monthly  1O-mb. charts  for  the period from 
July 1957 through  June 1958 [9] and a discussion of the 
circuhtion for that period [8 ] .  A more  recent  booklet of 
10-111b. charts,  covering the  time period  from July 1958 
tl11.0ugh June 1959 [lo], includes six charts  monthly for 
d1  but the  summer  months,  and an analysis  encompassing 

h q e r  area than  the previous  booklet.  Some features 
of the IO-mb. circulation  during this  more  recent  period, 

' I'rf!%.nt affiliation: U.S. Navy Weather Research Facility, Norfolk, Va. 
''h' term midstratosphere as used in this article is denned as the IO-mb. Constant 

. ~'rWs''r~' surface (approximately 31 km.) and immediately adjacent layers. 

and a comparison of circulation and  tempersture  patterns 
with those of the previous  year are discussed in  this 
paper. 

2. DATA PROCESSING  AND  ANALYSIS 
The problems involved in the processing and  analysis 

of IO-mb. data  are numerous and  have been discussed 
previously  in  great.  detail [8]. Several of t.hese problems 
were alleviated by the, experience gained  from  earlier 
analysis and  the pronounced increase of observed on-level 
data.  The reduction of the  time  interval between charts 
was  also helpful in allowing more precise tracking of 
rapidly  moving  systems  during  periods of unusual  strato- 
spheric activity. 

The main  problem  encountered  in  this type of analysis 
continues t,o be  the  erratic  variation of reported  tempera- 
tures  and heights that is  evident  even  after  the  application 
of corrections  for the  apparent  diurnal  variation caused 
by solar heating of the  instrument [6]. This  random 
variation  is especially troublesome  in the  analysis of 
charts  for  the  summer  months, when the  temperature 
varies by only 10' to 15' C. from the  North Pole to  the 
Tropics. The corrected  temperatures at a. given station 
may  fluctuate in an unreasonable manner  as much as 6' 
to 8' C. from  one  observation to  the next. This  situation 
forces 8 smoothing of the  isotherms in  order to a.chieve 
conformance with  the  wave  number,  amplitude,  and  phase 
of the  contour field. 
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FIGURE 1.-10-mb. chart for 1200 GMT July 5, 1958 (from [IO]). Contours at intervals of 40 m.; isotherms  (dot-dash lines) a t  intervnl? 
of 3" c. 

Day  to  day consistency of wind data appears  relatively 
good when compared  with that of reported  temperatures 
and heights.  Therefore, the winds were given most 
weight in  determining the  contour analysis,  with the 
report,ed  heights being eluployed primarily to detoermine 
the numerical vdues used in labeling t.he contours. 

3. THE  ANTICYCLONE OF THE SUMMER MONTHS 

The  su~nrnertime circulation of the  mid-stratosphere 
over the  Northern Hemisphere is characterized by n Tvnrln, 
circumpolar ant,icyclone with  easterly winds at)  nearly  all 
1nt.it.udrs. During the 195s summer  this  pattern was well 

established by  the middle o€ June  and persisted  until h t e  
August. The 10-mb. chart €or July 5 (fig. 1) is repre- 
sentative of the  midsummer  pattern  and shows this 
anticyclone  near  peak  intensity. 

The summer  charts  tended  to verify the existence 01 

slnall-scale perturbations in the mean flow, suggested by 
Teweles et al. [SI. I n  most cases, the wind direc.tiol1 

half size, fro111 U.S. Weather Bureau publications [9, lo]. In  the reduction PrOce,s the 
a Figures 1, 3, 5 ,  G, 8, 12, and 14 are reproduced, after reduction to BpproXimatelS one- 

plotted data became illegible and were removed from the charts. Institutions Or research 
groups having need for greater detail  than is found here will be furnished with a COPY Of 

tho publications, s l o n g s  the supply lasts, upon request to Chief, US. weather BllrCau, 
Reference A-3.1, Washington 25, D.C. 
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FIGURE 2.-10-mb. height and  temperature  change  chart, July 15, 1958 minus July 5, 1958. Isallohypses a t  intervals of 40 m.; 
isallotherms  (dot-dash  lines) a t  intervals of 33 C. 

with that for the  same  date  in 1957 reveals the  uniformity 
of the anticyclone from year  to  year. Anticyclone  center 
values for both  years  were  identical  and  approximately 
equivalent  contour  gradients  were  evident a t  all latitudes. 
The  net  annual  height  and  temperature difference be- 
tween the two charts is no  larger  than  the 10-day  change. 

4. BREAKDOWN OF THE SUMMER EASTERLIES 

With  the  steady decrease in solar insolation over 
northern  latitudes  during  late  summer,  the anticyclone 
weakened  considerably and  by August 25 (fig. 3) had 
moved  away  from the vicinity of the Pole and  split  into 
two cells. The  major cell was  centered  over  western 
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FIGURE 3.-10-mb. chart for 1200 GRIT August 25,  195s (from [lo]). Contours and isotherm  as in figure 1. 

Russia while I L  weaker one mas positioned over the 
LRbrador  Sea,. Sinmltaneous  with  the  sout,hwrcd move- 
ment of t,he tinticyclone, the  contour  gradient  over  the 
opposit#e side of t.he Pole weakened and wns Imomptmied 
by  an amplifictition of the  perturbations in t,he mean 
easterly flow. The easterly flow was especially disturbed 
over a broad mea extending from cent,rd  Canada west- 
ward into Siberin. 

During  the  last  dags of August, a closed Low fornletl 
over  the Arctic  Ocean. As this  vortex  deepened and 
migrated  to a posit,ion near  the Pole, the  remnants of the 
polar  High progressed farther  southward to merge with 
the continuous  belt of mid-latitude  ridges  located  between 
the  still  strong etwt.er1ies in low l a t ihdes   md  the  lighter, 

more  variable westerlies to  the  north.  The low cent,er. 
once  established,  became a dominant  feature of the circu- 
lation  pattern.  The 10-mb. surface  descended quite 
rapidly in the  northern  latitudes,  and  after September 10 
t,he lowest  heights were no longer in  the equatorial regiol1. 

During a 26-day period  from  August 15 through SeP 
tember 10, the  height decrease a t  the Pole amount,ed t o  
approximately 760 m. (fig. 4) with  the  gradient of tllr 
height  change  appearing  remarkably  uniform througllout 
the high and middle  latitudes.  This  symmetry must,, in 
great measure,  be a consequence of radiational c001iW 
even though  other  aspects of the  breakdown,  such as tl lf  

formation,  movement,  and  deepening of the initial 
are  quite complex and  suggest  dynamic influences. 



[I ,  2, 51 have discussed the  important role that  the  result- 
ing ridge or snticyclone  assumes in connection  with 
large-scale changes in  stratospheric  circulation  and 
temperature. In 1955 the 10-mb. Aleut,ian anticyclone 
a,ppea,red in late Oct,ober (fig. 5 ) .  Daily  charts  drawn 
for t.he October 20-25 period show that a sha.rp trough 
located over  western Alaska at  the beginning of the 
period moved  rapidly  eastward across the region. An 
anticyclone, originally located  over  the western Pacific 
Ocean, followed behind the  trough  and intensified rapidly 
as it moved to  a position over  southwestern  Alaska five 
days  later.  Concurrent  with  the development of the 
Aleutian anticyclone, the  polar Low  began  a slow move- 
ment, leaving its previous position on  the Alaskan- 
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FIGURE 5.-1O-mh. chart for 1200 GMT October 25, 1958 (from [lo]). Contours and isotherms as in figure 1 

Siberian side ol t,he Pole, rtnd crossed to  the  European 
side on  October 25. By  the end of October,  the pro- 
nounced increase in isothernl and  contour  gradients between 
the  anticyclone  and  the displaced polar  Low  resulted  in  a 
wide jet  stream  stretching across the Ala,skan-Siberian 
portion of the Arctic southesstward across Canada. 
Maximum  computed geostrophic winds wit.hin this  jet 
exceeded  150 kt. 

According to Wilson and Godson [Ill, a stratospheric 
ridge  was  a  circulation  feature  over  the Alaskan-east- 
Siberian region in  late October of most  years  between 
1949 and 1958. At 10mb. during  the  winter of 1957-58 
the  Aleutian  anticyclone  made  an  initial brief appearance 
in mid-November, then re-appeared in early  January t,o 

play  an  important role in  a  complete  breakdown of t,he 
stratospheric  circulation [7]. On  the  other  hand, durins 
the 1958-59 winter,  the  anticyclone  persisted in the 
northern  latitudes for nearly five months,  with  its central 
position ranging  from  south of the  Kamchatka area t o  
central  Canada. 

6. CIRCULATION  CHANGES  DURING  LATE AUTUMN 
Once  established,  the  Aleutian  anticyclone begnn fl 

slow migration  eastward.  Height rises penetrated cou1- 
pletely across Canada while the  wintertime cyclonic 
vortex  moved  southward  on  the  Eurasian  side of tmhe 
Pole to  the Arctic Circle. The climax of the circule,tion 
change  occurred  on  November 20 (fig. 6) as  the L O I T  
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FIGURE &-lO-mb. chart for 1200 GMT November 20, 1958 (from [lo]). Contour  interval 80 m.; isotherm interval 3' C. 

Hppenred to  divide  into  two  centers  and  the  anticyclone 
reached the  peak of its eastward  penetration Rcross 
Canada. At  that  time  easterly winds prevailed over the 
nort,hern two-thirds of the  United  States  and anomalously 
wmn air was located  throughout  the  North American area 
(hlinated  by  the  High. 

By t,he  end  of November,  the  anticyclone  had slo.Vvly 
rehated westward to a position over Alaska. However, 

second brief penetration  toward  the  east  took place 
(luring the first 10 days of December. In this  instance, 
t'he High divided into two  segments,  with  a  st'ationary 
W e m  centered over the Pacific Ocean south of the 
.%utian area  and a migratory  center pulsing eastward 

: to a position over northwestern  Canada.  After  the  early 
r 

1. 1. 

December  penetration  the  10-mb.  circulation  again re- 
t,urned to  its  typical  wintertime configuration, as  the deep 
cyclonic vortex  moved  back  to  the  polar region a.nd the 
persistent anticyclone was a.gain located  over  the  Aleutian 
area. 

Posit,ive 10-mb. temperature  and  height changes in 
northern  latitudes  during  the November-December period 
can  be seen from the  time sections of Thule,  Greenland 
(fig. 7 4 ,  and  Churchill,  Manitoba (fig. 7B).  Both 
sections illustrate t.he interruption of autumnal cooling 
resulting from the influx of the  warm  Aleutian  anti- 
cyclone, with  the two  individual  pulsations clea.rly 
visible. Concurrent  with  the  eastward  movement of the 
Aleutian  anticyclone,  a  major  polar  trough  shifted 



I ~ I G K R E  ?.-Time sections of 10-mb. height  and  temperature for 
(A) Thulc,  Greenlaud; (B) Churchill,  Manitoba;  and  (C)  Shemya, 
Alaska. All height  and  temperature  values mere interpolated a t  
the station from each  chart of [lo]. 

enst,wmd I'ronl its preferred position over North America. 
During  the  time int.erva1 from Kovelnber  15 t.o 25, yearly 
Illinitnn of IO-lnb. temperature und height, were report'ed 
over  Berllluda,  Lajes (Assores), and  Bitburg  (Germany). 

An interesting comparison can be made between t,he 
time sections for two stations  nesr  the same latitude,  but 
seprwnted by more than a  quart,er of the hemisphere in 
longitude. The circulation over Churchill (59O N., 94' W.) 
during  most of the  autunm  and wint,er was dominnted 
by  the Nort,h American polar  trough. The  temperat,ure 
curve  for  this station (fig. 7B) shows a  stea.dy decrease, 
consist,ent with the deepening of the  polar Low, even 
t.hough it  was interrupted a t  times by pulsations of the 
Neut,ian anticyclone. In cont'rast,, the 10-mb. surface 
o17er Shen~ya (53' N., 174" E.) during  the  same period 
W ~ L S  influenced by t,he Aleutinn tmt,icyclone. The nlinimunl 
t,enlpertiture ' for the  year was reached a t  the end of 

November (fig. 7C) as the  warm  Aleutian anticyc!oIl 
moved eastward out of the  Aleutian  area.  Subsequel:tlJ 
t,emperatures rose rapidly  to  near s~n~mert i rne ]eve!, 
the  anticyclone  shifted  westward and  wt~s again  centcbre( 
over the  area.  The  annual  range of te~~~peratures  ;,n( 

heights  over  Shenlya, as interpolated  from  the ye;ll. 
charts, was only 21' C. and 1,100 In., respective]?, 
compared to 40' C.  and 2,800 m. over  Churchill. 

7. MID-STRATOSPHERIC EVENTS OF JANUARY 1959 

During  the beginning of January, R ridge that had ],eel 
centered  over the  eastern  Caribbean Setk began to intensif! 
and  drift  northeastward,  accompanied by widespree,( 
wsnning.  By  January 15 (fig. 8) the cent,er of this de. 
veloping anticyclone,  moving at   an average speed of aboul 
15 kt., had  migrated  east-northeastward  to a position Olrel 

Spain.  The  temperature nmxirnum 01 "39' C. rtssoci2i,t,ec 
with  the anticyclone  remained north ol' its center ;In(! 

appeared  to  move a t  about  the same rate of speed, eve] 
t,hough embedded  in  a  southwesterly flow averaging a,boU[ 
75 kt. As the warm center  moved  northeastward, te~ll. 
perature rises of nearly 25' c . ,  occurring  nlainly in thc 
region of nlasinmn height increases, were noted  at 
IO-mb. level. 

While the  Atlantic anticyclone was developing and 
moving east-northeastward, large-scale changes were 
t&ing place over  western North America. The c1ilna.y 
of t.hese changes  occurred on about  January 15 as the  
Aleutian mticyclone reached  peak  seasonal intensity. 
The height  change chart for the 10 days  from J~nuary j 
to  15 (fig. 9) discloses increases over the northwestern 
Canadian region in excess of 1600 n~., more  than double t h e  
increases over the  Atlantic Ocean. Concurrent with these 
height increases, the polar  Low filled slightly  and \VIIS 

displaced from a position  near the Pole to a new location 
Over Greenland. The pronounced  increase in  gradie~~t 
was accompanied by two fast  jet  streams  with axes located 
new  the  centers of maximum  height changes. Observed 
southwesterly winds of 150 kt. were frequent across 
eastern  Canada  with  one  in excess of 200 kt. reported over 
Keflavik,  Iceland.  These winds appeared to exceed in 
speed those composing the  northwesterly  jet over norther11 
Canada.  The intense  height rises associated with the 
Aleutian and  Atlantic anticyclones  appeared to act 8s 

giant pincers causing the polar  Low  to elongate, nnd 
resulted in more  meridional flow than at any other time 
during  the winter. This  pattern would allow lur$ 
amounts of comparatively warn1 tropical air  to enter the 
circulation on the  east side of the polar  trough, the favored 
location for "explosive wannings." 

From special observations  over the Caribbean are11 
during  January 1960, Riehl  and Higgs [3] described t h e  
history of a  stratospheric wind shear line. It was SUE- 

gested that two  such  shear  lines  occurred  during  JanuW 
1959. In  a later  paper,  Simpson [4] examined the dyna111- 
ics of this  type of disturbance,  and showed an exanlple 0' 

one  t,hat occurred at   the end of January 1959. 
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FIGURE S.-10-mb. chart  for 1200 GAIT January 15, I%!) (from [lo]). Contours and isotherm ns in figure F. 

Time sections for Balboa,  Canal Zone, plotted Tor the 
n-inter months of 1958-59, disclose considerable variability 
in the winds above  the 15- to 20-111b. layer.  However, 
below this layer  persistent easterlies dominated  the flow. 
One of the  more abrupt wind  changes wit.hin this zone of 
variability took place over  the  station between  Janua.ry 7 
and 9, 1959,  (fig. lo),  coinciding with  the  intensification 
and northeastward  movement of the 10-mb. Atlantic 
anticyclone. In this case it is evident  that  the  magnitude 
of the wind fluctuation  increased  with  height. 

To investigate the possibility of these wind changes 
behg associated with  a  shear line, sectional  streamline 
Chrts were analyzed  for a period  immediately  preceding 
an(! following January 9 (fig. 11). Although data were 
s P m e ,  the analyses strongly  indicate n disturbance moving 
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northward  through t.he Caribbean region a t  speeds  ranging 
from  5 to 10 kt. (fig. 11F). The  first evidence of this 
disturbance  can  be seen on January 9 (fig. 11C) ws south- 
westerly wiuds  appeared  over  the  most  southerly  stations 
(Balboa and  Cumpao). By  January 11 (fig. 11D)  the 
ridge line oriented ea.st-west over  Florida  had weakened 
as the  trough line moved  nort,hmard and mas situated 
near 22" N. Two  days  later  the  trough line wa.s indis- 
tinguishable and  appeared  to  have merged  with the  large 
polar trough  moving  eastward  from the  continent. 

8. THE SPRINGTIME  MID-STRATOSPHERIC REVERSAL 

Distinct changes  appeared  in  the  10-mb. circulation 
and  temperature fields during  the  first half of February. 



The most  obvious  change was the contract.ion of the polar 
cyclone ox-er Korth Americtl, result,ing in a marked 
decrease of wind speed over t.he lower portion of the 
continent. At  the same  time, \varm air associat.ed m4t.h 
the Aleutitttn anticyclone  penetrated across Canada. I n  
generd,  the  rat,her close phase relationship between 
contours nnd isotherms,  evident  throughout most, of 
the  winter  months. slowly deteriorated as February 
progressed. 

The breakdown of t.he n-intertime circulation com- 
menced  actively in mid-February. 1959 as t,he Aleutit!n 
anticyclone  moved  eastward  with increa,sing speed,  and 
perturbnt,ions of varying knlplitudee began to  appear  in 
tthe  height  and  temperature fields. Temperature measure- 

ments  over  Tripoli,  Libya, from February 20 to 25, 
indicnt.ed a strong warming had occurred on the eastern 
side of a  large  trough  extending southward from the polflr 
Low. Ten  days  later a weaker rna,rm center WRS located 
over the At,lantic  Ocean,  sout,h of Keflavik, Icelnnd. 
Rapid ridging t,ook place along the axis of maximu111 
temperatures, which extended  froin  western Europe, 
westward t.hrough central  Canada  and  into  the central 
Pacific Ocean. On March 10  (fig. 12) rnaximuln heights 
and  temperatures were located  over  central  Canada. 

As the Aleutian  anticyclone  moved  eastward to 0 

position over  western Canada,  the cyclonic vortes shifted 
southward from the polar region and became centered 
over  Siberia. From mid-March through mid-April the 
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FIGURE 10.-Time section of stratospheric n-iiuds for  Balboa,  Canal Zone, January G-?5, 1959. Wind speed is in knots with one full 
barb equal to  10 kt., and a pennant  equal t o  50 kt.  Shafts  extend  toward  direction  from xvhich the wind is blowing, with  north 
at  the top of t.he diagram  and  east at the  right. 

High continued to  build and move  very slowly northward, 
1s-lde the  remnants of the  polar cyclone became more 
disorganized over the  eastern half of the hemisphere. 
Finally, by April 20 the anticyclone  settled  over the Pole 
nnd, except for a brief period in late April, continued  to 
build. A return  to easterlies a t  ail latitudes  near  the end 
of May completed the cycle of mid-stratospheric  events 
lor the year from July 1958 through  June 1959. 

9. COMPARISON OF 1958 AND 1959 WINTER AND 
SPRING  CIRCULATIONS 

A comparison  of the circulation and  temperature  pat- 
terns  from late  January t,hrough May- of 1959 with  those 
of the same period of  1958 shows pronounced dissimilar- 
i t ies .  111 late  January 1958 an "explosive warming" and 
('omplete breakdoml of mid-stratospheric  circulation 
transpired as t,he Aleutian  anticyclone  moved  northeast- 
iv-xrd, t.hellce northward,  and -was cent,ered near  the Pole 
011 February 1. The intense  polar  vortex divided int.0 
two weaker  cold vortices, one located  over  Europe and 
the other over the Gulf of Alaska. The breakdown was 
followed by  the  return  to  the polar region of a considerably 
1i7eiikcned cyclonic vortex  in  early  March.  The  transition 
t o s ~ w n ~ e r  conditions was  gradual, beginning in late  March 

with the  arrival of solar insolation to  northern lntit,udes. 
Kot  until  the middle of h ln - ,  when the  center of t.he 
summertime  High  settled over the p o l ~ r  region, was the 
reversal complete (See [i] nnd [SI for further  details). 
This WRS in sharp  contrast  to  the do~~ inance  of the cold 
polar cyclone throughout Janutq- and most of Fehrutwy 
1959. The  ~nu"ning and circulation change began in late 
Februnr- and culminated with the summertime mticy- 
clone making its appearance over the Pole in mid-April. 
Thus,  the reversal  took place a full month earlier than 
in 1958. 

The differences between the two gears are vividlr shown 
by a comparison of polar ten1perat.wes (fig. 13). At the 
conclusion of t,he strong midwinter  warming  during 1958, 
temperatures over the Pole decreased to almost "70' C. 
The slow, radia,tional  warming  trend that followed re- 
sult.ec1 in sununertime  conditions by  the middle of May. 
However, in 1959, ten1pera.tures lower t,han "'70' C. per- 
sisted  throughout. January and most of February follo~etl 
by a moderate  warming period during  late  FebruarJ- and 
early  March and again  in the last half of March.  Polar 
tenlperat.ures  thereafter  generally remained higher than 
- 4 5 O  c. 

The  late February 1959 anlplification of the Aleutian 
anticyclone and  its migration  eastward  in  March closely 
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FIGURE 11.-(A) Setvork of upper  air  stations in the  Caribbean  area. (B), (C),  (D), (E) Streamline  analysis of 10-mb.  surface. wind 
speeds  are  in  knots; winds marked OOZ are  those  12  hours  previous to  map time. (F) Daily 1200 rxwr position of equatorial shearline 
January 9-12, 1959 and  rates of mean 24-hr.  displacement. 



FIGURE 12.-10-mb. chart  for 1200 GMT March 10, 1959, (from [lo]). Contour  interval 80 m.;  isotherm  interval 3' c. 
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FIGURE 14.-10-mb. chart  for  1200 GMT February 15,  1955,  (from 191). Contour  interval 80 m.; isotherm  interval 3" c. 

ptuallelcd the se,quence of event>s  during January and 
February of the  previo~s year. The February 15, 1958 
(6g. 14) and  March 10, 1959  (fig. 12) charts show the 
pattern  that esisted in both years. A comparison of these 
cllnrts reveds  the  sinilarit,y of major features  that: existed 
to this  point. However, instead of the  return  to a cold 
c.yclonic vortex  in the polar  region,  such as occurred in 
the previous year, the cyclone during 1959 remained dis- 
placed t,o t,lx Eurasian  side of the Pole and t.he anticyclone 
nmint.ained its  intensity and position in tshe high latitudes. 
A s  a consequence of the relat.ively high temperatures a.nd 
heights  near the polar region, and the  rapidly increasing 
so la  radint,ioi1 over northern  latihdes,  the 1959 summer- 

time  transition was completed a full month earlier than 
that in 1958. 

10. CONCLUSION AND SUMMATION 

Even  though  many of the analysis  problems  have bee11 
alleviated and  data coverage ha3 increased, interpretdon 
of mid-stratospheric data from July 1958 through June 
1959 remains  relatively  subject,ive when compared d l  

tropospheric and lower stratospheric analysis methotls. 
Throughout  the analysis  procedures,  a  special  effort was  
made  to preserve  continuity  in the movement of s n d  
a.mplitude  perturbations.  However, in many cases this 
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pl.,,i-ed  impossible due  to  large  areas with  sparse data and 
tl,. doubtful  accuracy of some  observations. 

’[‘]le analyses Confirm earlier statements concerning the 
i’rme stability of the summertime  mid-stratospheric 

ci~~~~,llation.  There is strong evidence that small  pertur- 
billions are  embedded  in the  easterly flow,  with minimurn 
itlllp]itudes during  the  peak of the season. Isotherm  pat- 
t,e1,lls associated with  these  perturbations  are extremely 
clifficult to delineate,  since  errors in  reported  temperatures 
nltly be as  large  as  one-half of tbe  entire  summertime 
pole-to-equator temperature differences. 

Then compared with  those of the previous  year, the 
charts illustrate  how  radically  different  wintertime cir- 
culation patterns  may  be.  The  strength  and  movement 
of the Aleutian  anticyclone,  which i s  so  intimately  related 
t o  wintertime  circulations and circulation  changes, may 
well be employed as  an  indicator of events  during  this 
season. Charts  for 1959 disclose  considerable  wintertime 
activity, over low latitudes,  around  the  periphery of the 
polar vortex.  However,  only the  Caribbean  area  sta- 
tions approximate  a  network  suitable  for  analysis of these 
relatively small-scale systems. An indication of the 
frequency  of occurrence and preferred  regions of disturb- 
ances, such as  shear  lines,  awaits  a  longer  series of charts 
and greater  data.  coverage  over  low latitudes. 
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